A rapid assessment method to evaluate the relative impact of zebra mussel, Dreissena polymorpha, was undertaken in a 11.5 km 2 temperate lake within an Irish drumlin landscape. The lake was divided into three assessment units: the north lake, the south lake and a river section situated downstream of the two lake assessment units. Survey work was conducted as a single survey in September 2011. Following an evaluation of the mussel abundance and distribution range within each assessment unit, the Biological Pollution Level (BPL) was calculated. Additional environmental information was obtained from historical monitoring conducted by the Irish Environmental Protection Agency. The zebra mussel was rated as having a high abundance and distribution range in one lake assessment unit, was absent in the second lake assessment unit, and had a low abundance and distribution range for the river assessment unit. Ninety-three stations were surveyed in two and a half days illustrating a practical approach to monitoring which can meet legislative requirements.
Introduction
Rapid assessment surveys (RAS) for nonindigenous species (NIS) have been undertaken in ports, covering a wide range of habitats (Hewitt et al. 2004) , and in marinas by examining the floating units of boardwalks (Pedersen et al. 2005; Arenas et al. 2006) . These involved an examination of a wide range of biota by several specialists. Surveys that target selected impacting NIS are more efficient and can provide useful information using less field staff. Such surveys have used marinas due to their ease of access at all tidal stages allowing for cost-effective monitoring (Ashton et al. 2006; Minchin 2007) . A limitation however is that these surveys concentrate on sessile biota and their associates, but neglect infaunal species. The targeting of a single species, and examination of the habitats they are likely to occupy, is a more selective approach (Minchin 2012) . This can reduce the duration of a survey for a species of particular concern making it practical for more frequent monitoring, over several years Minchin and Zaiko 2014) .
The zebra mussel Dreissena polymorpha (Pallas) originates from the Ponto-Caspian region and can dominate many of the inland water bodies they invade (Pollux et al. 2010) . The zebra mussel is an ecosystem engineer (Karatayev et al. 2002) that impacts upon river (Higgins and Vander Zanden 2010) and lake ecosystems (Stanczkowska and Lewandowski 1993; Minchin and Zaiko 2014) . As an ecosystem engineer, the species directly or indirectly controls the availability of resources to other organisms. They can create new habitats from their extensive growths and shell accumulations, which in turn alters sediment texture and provides refuges for example, snails and gammarids (Stewart et al. 1998) . Their filtration ability results in increased water clarity due to the removal of particles greater than 0.4 μm with consequent declines in phytoplankton chlorophyll levels and small zooplankton (Reeders et al. 1993) , which are either consumed or bound in mucus parcels and discharged to accumulate within the benthos. These wastes enrich sediments and provide energy for benthic deposit feeders (Karatayev et al. 2007 ). The resulting increased water clarity enables rooting macrophytes to extend to deeper water (Sullivan et al. 2010) . The accumulations on exposed living unionid shell often leads to extirpation of local populations (Ricciardi et al. 1998; Schloesser et al. 1996; Strayer and Malcom 2007) . These features result in significant changes to ecosystem functioning (Stanczkowska and Lewandowski 1993) by altering biodiversity (Minchin et al. 2002) , as well as having economic impacts on ecosystem services (Karatayev 2007) and water quality status (Atalah et al. 2010) .
The zebra mussel was recorded in Ireland for the first time in 1997 (McCarthy et al. 1998) . It is suggested that it originally arrived in 1993-1994 into the lower River Shannon catchment most probably via imports of used leisure craft from Britain (Pollux et al. 2003) (Figure 1 ). Conditions in Ireland are suitable for the expansion of zebra mussel and it continues to spread (Millane et al. 2008) . The spread of high impacting aquatic NIS is of concern in relation to biodiversity and water quality management. In order to evaluate the status of a NIS, a simple meaningful and practical approach is required to monitor change in the environment. In this account we examine a lake colonised by zebra mussel using the Abundance and Distribution Range (ADR), estimate an impact level using the Biopollution Level (BPL) method of Olenin et al. (2007) 
Methods
Lough Gowna lies within a drumlin belt in the northern midlands of Ireland (53º50'N, 07º33'W) and has a surface area of 11.5km 2 . The lake consists of two lakes, separated by a short ~150m canal (Dernaferst canal) between North Gowna (NG) and South Gowna (SG), with water flowing freely in both directions between the lake sections as influenced by lake water levels ( Figure 1 ). The Erne River (ER) flows to and from the lake depending on rainfall events, causing variable lake levels. Both lake assessment units and an assessment unit constituting a section of the ER downstream of Lough Gowna were included in the study site i.e. three assessment units. Twenty-eight sites in NG, fifty-seven in SG, and eight sites on the ER were surveyed. Sites examined included shallow and deep water areas, stream deltas, macrophytes and littoral regions including areas of human interference, such as slipways, quays and angling stands. The lake is economically important for the angling of cyprinid species and municipal water is abstracted from NG.
Sampling was based on direct observations, use of a Van-Veen grab together with a basket dredge to make collections at depths to over 5m.
In shallows, hand collections and tongs were used to remove fouled stones. Retrieved mussels were measured for shell length. A secchi disc was used to measure water transparency. Historical data, for chlorophyll-a (the extraction methodology of chlorophyll-a and other related pigments was in hot methanol and the absorbance of the solution was read at 665 and 750nm on a UV Spectrophotometer), alkalinity (end point titration (to pH 4.5) with sulphuric acid) and water transparency (measured using a secchi disc), were provided by the Irish Environmental Protection Agency (EPA).
The biopollution assessment method (Olenin et al. 2007 ) has been used to evaluate the relative impact of a single species over a wide area (Olenina et al. 2010) or of many impacting species (Zaiko et al. 2011) . The biopollution method first requires an assessment of the ADR for each assessment unit. The assessment is based on the abundance and frequency of zebra mussel at all stations examined.
Abundance is classed as 'low' when it makes up only a small part of a community; 'moderate' when it is frequent but less than half of the abundance of the native community, and 'high' should it exceed half of the overall abundance and dominates.
The distribution of zebra mussel is classed as follows: 'local', where it occurs at one station; 'several localities' where it is present in less than half of the stations; 'many localities' where it is found in more than half of the available localities, and 'all localities' where it occurs at all stations.
Combinations of abundance and distribution produce a scale that ranges from: 'A' -few individuals at one locality to 'E' -where a species occurs in high numbers in all localities (Table 1) . The ADR must be determined before a BPL assessment can be made. The level of impact on the community (C), habitat (H), and ecosystem function (E) are evaluated separately and are each made up of five levels ranging from 0 to 4, accordingly: 0 = no impact; 1 = weak impact; 2 = Year moderate impact; 3 = strong impact, and 4 = massive impact. The greatest level for either C, H, or E is used to evaluate the impact state within each assessment unit. Here we limit the BPL assessment to habitat impact based on the alteration, where noted, and reduction in the spatial extent of the original habitat. Determining the impacts on community structure (C) and ecosystem function (E) required additional historical information which could not be obtained for the study site. Levels of biopollution were determined using the online service Biological Invasion Impact/Biopollution Assessment System (BINPAS) available at http://corpi.ku.lt/databases/binpas/ and described by Narščius et al. (2012) . The method has been sufficiently robust to quantify impacts in a standard and repeatable way where there is adequate information.
Results
Zebra mussels were abundant in SG, none were found in NG and in the ER mussels were found only within 4km downstream of the lake. Boulders, cobbles, stones and gravel were frequent in the littoral zone throughout both lake assessment units except where there were stream deltas. Water transparency in NG was 0.8m and in SG ranged from 2.7 to 2.9 (based on three measurements in each lake section). At the time of the survey the pH levels from NG and SG ranged from 8.0 to 8.2 (based on two measurements in NG and three measurements in SG).
In the mussel infested lake SG chlorophyll-a levels declined from 28. In NG the zebra mussel was absent, no shell material was found, despite the wide range of similar habitats to SG that were sampled, including littoral gravels to boulders and deeper water muds. Here, since the zebra mussel was absent, the ADR and BPL have no value.
In SG the zebra mussel attached to gravels and boulders about the lake perimeter at depths of -0.3m to -2.5m forming the key habitat zone where mussels were likely to exist. Individuals were most abundant within <-1m (Figure 3) . Less frequently clusters of the mussel found attached to shell, were obtained at depths to -3m. None were found at greater depths characterised by mud substrate. The zebra mussel was clearly visible in the shallows and consisted of chalky white shells (Figure 4) . The mussel valves were weak and some were perforated showing underlying tissues. Drifts of shells were cast on the shore and had accumulated in the shallows. In stream delta areas, few mussels were found. No living specimens were found in the canal between the two lake assessment units, although the canal delta fan area in SG had many strewn mussel shells.
The zebra mussel was abundant at more than half of the stations in SG therefore an ADR of 'D' was calculated (Table 1) . Their occurrence provided a refuge for amphipods Gammarus duebeni Lilljeborg, 1852, the non-indigenous G. tigrinus Sexton, 1939 and Chelicorophium curvispinum (G.O. Sars, 1805) within interstitial spaces together with the gastropod Potamopyrgus antipodarum (J.E. Gray, 1853). The zebra mussel had overgrown Figure 4 . Some of the chalky shelled zebra mussels appeared to have four rings. the shells of the few living Anodonta anatina (Linnaeus, 1758) recovered from a muddy region of SG, obtained together with many vacant unionid shells. The presence of the zebra mussel had a strong impact with resultant modification of the habitat and therefore is classified as having a BPL=3.
The majority of mussels in SG were adult specimens, suggesting a low recruitment having occurred during 2010 and 2011. The smallest individuals were found at the southernmost end of SG, and some of these were attached to aquatic macrophytes, near to a stream with a limestone catchment. Size distributions indicate a single peak for the shell length frequency distribution Figure 5 . Shell length (mm) frequency distributions of mussels from South Lough Gowna. Near lake exit (above), 0.5km west of canal (middle) and most southern shore (bottom).
for mussels collected at the southern end and western side of SG and there were two modes near the lake outlet ( Figure 5 ).
In the ER assessment unit, the zebra mussel was found in low numbers to a distance of 4km from the lake, at sites near a bridge. No individuals were found further than 4km downstream. The ADR for this region was judged to be 'A' and impacts on the community or habitats were considered as being weak and so could not have a value exceeding a BPL= 1.
In this study according to the BINPAS requirements the level of confidence in our survey was high for both lake assessment units due to direct observation and the large number of stations. There were difficulties sampling the ER section because access was impracticable in many places and as a result the assessment has a low confidence level associated with it.
Discussion
The ADR provides a classification for a NIS at a certain point in time that is independent of previous surveys and so aids monitoring according to several legislative requirements, as in the case of monitoring under the WFD for freshwater, transitional or coastal water bodies, and could also be adopted for the MSFD for marine environments to satisfy requirements under Descriptor 2 Non-indigenous species. The ADR, although required as part of the BPL method, provides a scale which does not rely on historical information in order to make an assessment. In this study, we were able to contrast the state of two assessments units within a lake and a river assessment unit.
In this study we noted extensive encrustations on stones to boulders in SG and shells strewn over the shallow littoral region. Such habitat conditions were not noted in a previous visit in 2003 to the southern part of SG. These same incrustations support a community within the interstitial spaces that include gastropods and gammarids and it is likely that the presence of the zebra mussel will have also modified this benthic community including impacts upon unionids. Ecosystem changes are more difficult to evaluate, nevertheless there were declines in chlorophyll-a values and increases in water clarity consistent with the changes noted following the arrival of the mussel in water bodies elsewhere (Karatayev et al. 2002; Higgins and Vander Zanden 2010; Pothoven and Fahnenstiel 2014 and references therein). These increases in water clarity might have enabled the observed increase in aquatic rooting plants, such as the dense stands of the Canadian pondweed Elodea canadensis (Michx.) which had extended its range to deeper water in SG thereby providing additional settlement surfaces for pediveliger attachment (Sullivan et al. 2010 ). This pondweed was sparsely distributed in NG and was present only in shallower water.
Environmental conditions throughout Lough Gowna would appear to fall within the tolerance range of the mussel, according to the Hinks and Mackie (1997) model, with alkalinity levels ranging from 34-184 mg/l CaCO 3 . Conditions are suitable for larvae once calcium levels exceed 22 mg/l (Cohen and Weinstein 2001) . Temperatures within Irish lakes range from 3° to 21°C, with extremes of <1°C to 28°C (Lough Derg Science Group data), all within the acceptable range for survival of the zebra mussel (Spidle et al. 1995; Zaiko et al. 2009 ).
Measures of pH (8.0-8.2) at the time of the survey, from both lake sections, were within the tolerance range of the mussel. Records obtained from the EPA long term series indicated suitability during most of their annual assessments (7.4-8.4). Shells of mussels in SG had features that could be ascribed as being due to low levels of pH, as eroded and chalky-white weakened shells were common, with some perforated, and evidence of poor recruitment in 2010 and 2011 might be due to the greater susceptibility of larvae to low pH levels. Indeed, according to EPA data, an event would appear to have taken place on 7 December 2009 when pH levels within a few kilometres of either side of the canal had reduced to 6.8. Thus, it is possible there might have been periodic acidic flushes, outside of most of the monitoring dates that might explain the distribution and condition of mussels. The sustainability of the population might be compromised by such events in the future. The appearance of four rings on some shells found in this study and changes in Chlorophyll-a and increased water clarity would indicate an arrival before 2008 and after August 2003 when plankton samples from the southern part of SG were devoid of veligers (Minchin and Lucy 2003) , a time when larvae would be expected to occur (Lucy 2006) . Recent studies undertaken by Claudi et al. (2012) show similar chalky characteristics for mussel shells, subjected to pH in the range of 7.3 to 7.1 in the laboratory. While Mikheev (1994) found settled mussels at a pH of 6.6, other authors agreed pH levels of 7.3 to 7.4 formed the minimum tolerance level based on a study of several lakes. According to Ramcharan et al. (1992) , where pH levels were <7.3 in lakes, mussels did not survive and zebra mussels in two lakes he studied, with a pH of 7.3, died within thirty-five days. According to Hinks and Mackie (1997) pH levels >8.3 were best suited for juvenile and adult growth and Cohen and Weinstein (2001) considered lakes with a pH of 7.5 to 8.7 had a high colonisation potential. Mackie and Kilgour (1995) determined the lower threshold limit for the survival of veligers at 7.4 to 7.5.
Unfavourable conditions must persist in NG as it would have been expected that larvae, or their settled stages attached to plant debris would have been carried through the interconnecting canal following rainfall events with water flows from SG. Their spread may also have been expected with the frequent lake-boat traffic passing through the canal and with launches of overland craft coming from infested lakes elsewhere. There were adequate surfaces similar to the littoral zone in SG and macrophytes for mussels to attach to in NG; so substrate availability was not a limiting factor.
The BPL impact in SG is similar to lakes studies in other countries (Higgins et al. 2008) and in other parts of Ireland (Millane et al. 2008) where levels of 3 to 4 have been recorded for alkaline lakes (Minchin and Zaiko 2014) . For example, Lough Allen, an oligotrophic lake on the River Shannon navigation in Ireland, has low calcium levels and a pH that lies outside of the normal physiological threshold of the mussel (Bowman 2000; Timpson and Lucy 1998) . The acidity of the lake water is due to runoff from sandstones, grits and acid soils and so pH values in this lake have ranged from 6.2 to 7.5 (Bowman 2000) . Water flowing downstream can become buffered by limestone, as has happened further downstream in the River Shannon. Such a pattern might explain the presence of mussels in SG and the ER due to the runoff from streams flowing over limestone. However, downstream survival of mussels can vary according to the size and depth of the river and levels of turbulence that result in higher mussel densities close to lake discharges (Lucy et al. 2008 ). Horvath and Crane (2010) found a lower survival of zebra mussel larvae when subjected to increased shear forces under laboratory conditions. The ER has shallow water sections where there is turbulence that could account for progressive mortality downstream and result in a decline of settled stages, a pattern that has been reported elsewhere (Hovarth et al. 1996; Hovath and Lamberti 1999; Lucy et al. 2008 ).
Conditions do not always seem suitable for recruitment in Lough Gowna, and survey results showed few settled individuals from the 2010 and 2011 year class. Large mussels have distinctive shell surface rings (Figure 4 ) which probably represent interruptions in growth in separate years. The small numbers of surviving unionids and large numbers of their fouled shells would indicate a comparatively recent arrival of the zebra mussel. The appearance of four rings on some shells found in this study together with the environmental data (Figure 2 ) would indicate an arrival before 2008 and after 2003, possibly during 2005 or 2006 . In Lough Derg on the River Shannon system, some unionids survived up to ~5 years following introduction of the mussel, but none are known to have survived longer than 5 years . Such a decline of unionids is consistent with the density of attaching zebra mussels found in Lough Gowna (Lucy et al. 2014) .
Invasive species normally occur in abundance, and simple assessments of ADR as used in this study, can enable the determination of relative changes over time. Such studies can take place over a short sampling period, and where there is sufficient historical information, a BPL value can be obtained. In this case, the absence of zebra mussels from the north lake assessment unit, from which surface water is abstracted, presently does not require direct intervention at the municipal plant, but further monitoring of NG is advised.
Conclusions
The rapid assessment method using the ADR of the zebra mussel in two lake and a river assessment units was swiftly achieved. There was an absence of the mussel in NG whereas it was abundant and widely distributed at most stations in SG. A spatial and vertical distribution of mussel abundance was obtained in SG. In the river section, there was low mussel abundance and none were found beyond 4km downstream from the lake. The variable recruitment and poor condition of adult mussel shells in SG, which had weak and thin shells, with many having exposed tissues from eroded shell perforations, live on a precarious balance between suitable water quality conditions and those that might result in the population demise. Despite the precarious nature of the existence of this population, it is present in sufficient abundance to have altered the littoral zone by encrusting boulders and stones thereby altering habitat.
